Abstract: Ecological surrogacy-here defined as using a process or element (e.g., species, 39 ecosystem, or abiotic factor) to represent another aspect of an ecological system-is a widely 40 used concept, but many applications of the surrogate concept have been controversial. We argue 41 that some of this controversy reflects differences among users with different goals, a distinction 42 that can be crystalized by recognizing two basic types of surrogate. First, many ecologists and 43 natural resource managers measure "indicator surrogates" to provide information about 44 ecological systems. Second, and often overlooked, are "management surrogates" (e.g., umbrella 45 species) that are primarily used to facilitate achieving management goals, especially broad goals 46 3 such as "maintain biodiversity" or "increase ecosystem resilience." We propose that 47 distinguishing these two overarching roles for surrogacy may facilitate better communication 48 about project goals. This is critical when evaluating the usefulness of different surrogates, 49 especially where a potential surrogate might be useful in one role but not another. Our 50 classification for ecological surrogacy applies to species, ecosystems, ecological processes, 51 abiotic factors, and genetics, and thus can provide coherence across a broad range of uses. 52
The earliest explicit uses of surrogates focused on measuring one species as an indicator for 101 others: i.e., beginning in 1893, the concentration of Escherichia coli was used to indicate the 102 likely presence of other pathogens in drinking water (Ashbolt et al. 2001 ). This usage is clearly 103 consistent with our definition of indicator surrogates: 104
Indicator surrogate: A type of surrogate that provides information about another aspect of an 105 ecological system: for example, measuring the population density of species A because it 106 provides information about the condition of target ecosystem X. 107
This approach emphasizes a mechanistic, statistical approach to surrogacy that remains popular 108 amongst environmental scientists. However, a dramatic expansion in the use of the surrogacy 109 concept in ecology and conservation biology arose alongside the development of the concept of 110 "biodiversity" in the 1980s. Advocates of maintaining biodiversity realized that it was 111 impractical to address directly all of the elements of biodiversity given the vast numbers of 112 species, especially little-known or undescribed invertebrates and microbes, or the genetic 113 components of biodiversity. Thus, conservation practitioners needed surrogates that could bereadily managed under the assumption that managing the surrogate would be beneficial for a 115 sizable portion of biodiversity. (In this paper we use "management" broadly to cover activities as 116 diverse as controlling a contaminant, conserving a game species or endangered species, planning 117 a reserve system, or motivating public support for conservation.) From this emerged the idea of a 118 conservation "umbrella" in which one species is used to represent biodiversity for management 119 purposes (Frankel & Soule 1981) . Similarly, but on an ecosystem level, "coarse-filter" 120 conservation assumed that protecting a representative array of ecosystems would encompass 121 much biodiversity at the species and even genetic levels, with relatively few species falling 122 through the filter's pores unprotected (Noss 1987) . With both umbrella species and coarse filters, 123 the primary goal is to manage X to achieve the real target goal Y. In addition to biodiversity, 124 other broad conceptual entities such as ecological integrity (Rapport et al. 1998) contamination, but in many rivers, the key to restoring ecological integrity is fostering natural 161 river flows (e.g., removing in-stream barriers and managing flow through dams, Beechie et al. we increase the beaver population, perhaps by banning trapping, with the goal of increasing the 169 number of beaver dams and thus ponds, this is management surrogacy. In many cases, these 170 approaches will be coordinated and thus both forms of surrogacy used, but this is not necessarily 171 the case. One could manage beavers to increase the number of beaver ponds without 172 systematically monitoring their populations. Alternatively, one could monitor beavers to indicate 173 changes in other pond-dwelling species, without any active beaver management. 174
175

Surrogacy in five classes of ecological components 176
To demonstrate how our definitions relate to surrogate use in practice, we apply the "indicator 177 surrogates" and "management surrogates" concept to five classes of ecological components: 178 species, ecosystems, ecological processes, abiotic factors, and genetics. We selected these to 179
show the wide applicability of our concept, not to imply that they are the basis of a robust 180 classification (e.g., one could readily combine ecosystem processes and ecosystems or split 181 abiotic factors into physical and chemical factors). We begin with species because here the 182 language is most developed (Table 1) In summary, we recognize that both indicator surrogates and management surrogates are 232 widely used across diverse components of ecological systems ( 
Benefits of setting clearer goals 245
The main advantage of our proposed construct is that it gives explicit recognition of two 246 overarching goals for ecological surrogacy that are linked but conceptually separate: to provide 247 information about ecological systems and to facilitate their management. By seeing how this 248 concept and related terms fit together (Table 1) 
